Abstract . The classi cation of the subtribe Sporobolinae containing the following six genera is poorly understood: Calamovilfa ( ve species endemic to North Amer i ca), Crypsis (11 species endemic to Asia and Africa), Psilolemma (one species endemic to Africa), Spartina (17 species centered in North Amer i ca), Sporobolus (186 species distributed worldwide), and Thellungia (one species from Africa and Asia). The goal of this study was to reconstruct the evolutionary history of the Sporobolinae using molecular data with increased species sampling. Most species in this subtribe have spikelets with a single oret, one-veined (occasionally three-veined) lemmas, a ciliate membrane or line of hairs for a ligule, and fruits with free pericarps (modi ed caryopses). A phyloge ne tic analy sis was conducted on 161 species (250 samples), of which 134 species were in the Sporobolinae, using nuclear rITS (ribosomal internal transcribed spacer region) 1 and 2 sequences to infer evolutionary relationships. The maximum likelihood phylogram provides moderate support for a paraphyletic Sporobolus that includes Calamovilfa, Crypsis, Spartina, and Thellungia. The subtribe Zoysiinae (Urochondra and Zoysia) is sister to a highly supported Sporobolinae where the Psilolemma jaegeri−Sporobolus somalensis clade is sister to the remaining species of Sporobolus s.l. Within Sporobolus s.l. there are 15 major clades, of which 12 are strongly supported, two are moderately supported, and one is unsupported. A complete generic classi cation of the subfamily Chloridoideae is given.
I
In the most recent classi cation of the grass subfamily Chloridoideae, the tribe Zoysieae Benth. includes the incertae sedis genus Urochondra C.E. Hubb. and two subtribes, Zoysiinae Benth. and Sporobolinae Benth. (Peterson et al., 2007 (Peterson et al., , 2010a . Zoysiinae includes a single genus, Zoysia Willd., with 11 species native to Australasia (Nightingale et al., 2005; Clayton et al., 2006) . They are primarily mat-forming perennials with cylindrical racemes, spikelets that usually disarticulate below the glumes, lower glumes absent or much reduced, upper glumes laterally compressed and coriaceous, and one-to three-nerved hyaline lemmas with entire or mucronate apices. The subtribe Sporobolinae Benth. consists of four genera: Calamovilfa (A. Gray) Hack. ex Scribn. & Southw. (5 species endemic to North Amer i ca); Crypsis Aiton (11 species endemic to Asia and Africa); Spartina Schreb. (17 species centered in North Amer i ca); and Sporobolus (186 species worldwide) (Mobberley, 1956; Lorch, 1962; Napper, 1963; Thieret, 1966 Thieret, , 2003 Tan, 1985; Peterson et al., 2003 Peterson et al., , 2004 Peterson et al., , 2007 Peterson et al., , 2010a Nightingale et al., 2005; Clayton et al., 2006; Kern, 2012; Saarela, 2012) . Pogononeura Napper, a monotypic, morphologically distinct genus with twoor three-owered spikelets with short-awned lemmas (Clayton & Renvoize, 1986) has also previously been attributed to the Sporobolinae (Peterson et al., 2010a) , but recent analyses place it in the Cynodonteae (Peterson et al., 2014a) . The Sporobolinae share most of the same character trends as for the Zoysieae, such as, spikelets with a single oret, spiciform in orescences of numerous deciduous racemes disposed along a central axis, lemmas usually rounded and rarely with apical awns, and glumes often modi ed and oddly shaped but differ by having modi ed caryopses with free pericarps (pericarps free, reluctantly so in Spartina), spikelets oriented abaxially along the axis (lemma is facing the rachis), lemmas that are similar in texture to the glumes, and paleas that are relatively long and about the same length as the lemma (Brandenberg, 2003; Peterson et al., 2004 Peterson et al., , 2007 . Zoysia have a true caryopsis (fused pericarps), spikelets oriented adaxially along the axis (lemma facing away from the rachis), lemmas less rm than the glumes, and paleas relatively short or very reduced when compared with the lemma (Peterson et al., 2007) . Urochondra was shown to have similar characteristics as Zoysia, and additionally, has beaked caryopses formed from thickened style bases and caryopses with free pericarps (Clayton & Renvoize, 1986; Clayton et al., 2006; Peterson et al., 2010a) .
Sporobolus is characterized by having singleowered spikelets, one-nerved (rarely three-nerved) lemmas, fruits with free pericarps or modi ed caryopses, and ligules a ciliate membrane or line of hairs (Peterson et al., 1995 (Peterson et al., , 1997 . Species of Sporobolus generally inhabit dry or stony soils, to saline or alkaline sandy soils, to clay loam soils in prairies, savannahs, and along disturbed roadsides (Clayton & Renvoize, 1986; Peterson et al., 1997) . Numerous infrageneric classi cations of Sporobolus have been proposed over the last century, based primarily on morphology and anatomy. Stapf (1898) rst divided the genus into two sections: Chaetorhachia Stapf and Eusporobolus Stapf. Pilger (1956) divided the latter section into six groups based on life form and characteristics of the glumes and panicles. Based on caryopsis morphology, Bor (1960) divided Sporobolus into ve groups (Baaijens & Veldkamp, 1991) and Clayton (1965) treated the Sporobolus indicus (L.) R.Br. complex in the tropics and subtropics. Working on the Malesian species, Baaijens and Veldkamp (1991) divided Sporobolus into ve sections based on a leaf anatomical survey and overall morphology. More recently, Weakley and Peterson (1998) recognized the Sporobolus oridanus complex to include ve species in the southeastern United States and Shrestha et al. (2003) recognized seven clades within the genus, while Denham and Aliscioni (2010) recognized the S. aeneus (Trin.) Kunth complex to include ve species. Recent major revisions of Sporobolus include Boechat and Wagner (1995) for Brazil, Simon and Jacobs (1999) and Simon (2005) for Australia, Peterson et al. (2003 Peterson et al. ( , 2009 for the United States and Canada, and Giraldo-Cañas and Peterson (2009) for Peru, Ec ua dor, and Colombia.
Molecular studies have provided new insights into the evolutionary history of Sporobolus, even though the number of species sampled for molecular studies has been rather small. In the rst molecular study of the genus, based on nuclear ribosomal DNA ITS sequences, Ortiz-Diaz and Culham (2000) presented 42 species of Sporobolus. Several DNA-based phylogenies pres ent Sporobolus as paraphyletic with Calamovilfa, Crypsis, and Spartina embedded within (Ortiz-Diaz & Culham, 2000; Hilu & Alice, 2001; Columbus et al., 2007; Bouchenak-Khelladi et al., 2008; Peterson et al., 2010a) . Peterson et al. (2010a) recommended future expansion of Sporobolus to include all of these genera, recognizing that only 42 Sporobolus species (ca. one fth of the species in the genus) have been included in a single phyloge ne tic study (Ortiz-Diaz & Culham, 2000) . Peterson et al. (2010a) , in their study investigating 246 species of Chloridoideae using seven molecular markers, analyzed 15 species of Sporobolinae.
Here we pres ent a new phyloge ne tic analy sis of 58% of the species in Sporobolus based on analy sis of the nuclear internal transcribed spacer regions (ITS1 and ITS2) and we discuss morphological and anatomical characters supporting relationships. We also include an updated classi cation of the Chloridoideae.
M M T
The taxon sampling consists of 250 samples representing 161 species of grasses, of which 157 species are included in subfamily Chloridoideae; these are represented in the following ve tribes (Soreng et al., 2014) : Centropodieae (one species), Triraphideae (two species), Eragrostideae (11 species), Cynodonteae (nine species), and Zoysieae (147 species). Our sampling was principally focused on genera that are morphologically similar to Sporobolus, including a large sample of 134 species within the subtribe Sporobolinae (Peterson et al., 2010a) . The data set for Sporobolus includes 108 of the 186 species currently placed in the genus (Clayton et al., 2006) . A complete list of taxa, voucher information, and GenBank numbers is given in the Appendix. Two species of Danthonioideae (Danthonia compressa Austin and Rytidosperma penicellatum (Labill.) Connor & Edgar), one species from Aristidoideae (Aristida gypsophila Beetle), and one species of Panicoideae (Chasmanthium latifolium (Michx.) H.O. Yates, phyloge ne tic root) were chosen as outgroups (Peterson et al., 2010a (Peterson et al., , 2011 (Peterson et al., , 2012 (Peterson et al., , 2014a (Peterson et al., , 2014b (Peterson et al., , 2014c 2015 , 2016 .
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All procedures were performed in the Laboratory of Analytical Biology at the Smithsonian Institution. DNA isolation, ampli cation, and sequencing of ITS were accomplished following procedures outlined in Peterson et al. (2010a Peterson et al. ( , 2010b Peterson et al. ( , 2014c . The ITS region included 798 total characters (89.1 sequencing success) and includes complete sequences of internal transcribed spacer 1 (ITS1), the 5.8S ribosomal RNA gene, and internal transcribed spacer 2 (ITS2). Primers include ITS4 as reverse (5′-3′:TCCTCC-GCTTATTGATATGC) and ITS5a as forward (5′-3′: CCTTATCATTTAGAGGAAGGAG) (White et al., 1990; Stanford et al., 2000) .
P
We used Geneious 5.3.4 (Biomatters Limited, Auckland, New Zealand; Drummond et al., 2011) for contig assembly of bidirectional sequences, and we used Muscle (Eu ro pean Molecular Biology Laboratory, Heidelberg, Germany; Edgar, 2004) to align consensus sequences and adjust the nal alignment. We conducted maximum likelihood (ML) and Bayesian analyses to infer overall phylogeny. We identi ed models of molecular evolution for the nrDNA region using jModeltest (SoftNews Net SRL, Bucharest, Romania; Posada, 2008) . The Nucleotide substitution model selected by Akaike's Information Criterion, as implemented in jModelTest v.0.1.1, was GTR + I + G. The ML analy sis was conducted with GARLI 0.951 (University of Texas, Austin, TX; Zwickl, 2006) . The maximum likelihood bootstrap analy sis was performed with 1000 replicates, with 10 random addition sequences per replicate. The output le containing the ML trees found for each bootstrap dataset was read into PAUP* 4.0b10 (Sinauer Associates, Sunderland, MA; Swofford, 2000) , where the majority-rule consensus tree was constructed. Bootstrap (BS) values of 90−100% were interpreted as strong support, 70−89% as moderate, and 50−69% as weak.
Bayesian posterior probabilities (PP) were estimated using the parallel version of MrBayes v3.1.2 (PubMed, NIH, Bethesda, MD; Huelsenbeck & Ronquist, 2001; Ronquist & Huelsenbeck, 2003) where the run of eight Markov chain Monte Carlo iterations was split between an equal number of pro cessors. Bayesian analy sis was initiated with random starting trees and was initially run for four million generations, sampling once per 100 generations. The analy sis was run until the value of standard deviation of split sequences dropped below 0.01 and the potential scale reduction factor was close to or equal to 1.0. The fraction of the sampled values discarded as burn in was set at 0.25. Posterior probabilities (PP) of 0.95−1.00 were considered as strong support. R A total of 209 ITS sequences are newly reported in GenBank (see Appendix), and the proportion of invariable sites was 0.2174. Supplemental data from parsimony analy sis indicates 448 parsimony informative characters.
The ML tree ( Fig. 1 ) is well resolved with weak support for tribe Zoysieae (BS = 69%, PP = 0.95), strong support for subtribe Zoysiinae (BS = 100, PP = 100) and strong support for subtribe Sporobolinae (BS = 100, PP = 100). The Zoysiinae includes a monophyletic Zoysia (BS = 100, PP = 1.00) that is sister to Urochondra setulosa (Trin We treat as incertae sedis those taxa that are not part of larger well-supported clades (i.e., with bootstrap support < 50 and Bayesian posterior probabilities < 0.70; see Table 1 ). Two species, Psilolemma jaegeri and Sporobolus somalensis, fall outside the main Sporobolus clade in the ITS tree. Sporobolus somalensis is an enigmatic species known only from Somalia and extending into the Ethiopian Ogaden (Phillips, 1995) . Psilolemma jaegeri and S. somalensis are both mat-forming, stoloniferous perennials, although the latter species has open, subdichotomously branched panicles with numerous oneowered spikelets, while P. jaegeri has narrow and spike-like panicles with 4-to 14-owered spikelets (Phillips, 1974 (Phillips, , 1995 Clayton et al., 2006) . Additional study of S. somalensis along with P. jaegeri will be necessary to determine their relationship to other members of Sporobolus s.l. Psilolemma jaegeri is somewhat unique in that it has three-veined lemmas, but there are other species of Sporobolus-S. acinifolius, S. albicans, S. brosus Cope (not sampled), S. palmeri, S. subtilis Kunth (not sampled), and S. tenellus Kunth-that share this trait (Phillips, 1974; Cope, 1999) . With the exception of S. palmeri, from Mexico, these are all African taxa. Three of these African taxa, which have not previously been sampled in molecular studies, form a poorly supported clade (Sporobolus acinifolius−S. albicans−S. tenellus), sister to the remaining species of Sporobolus ( Fig. 1 , BS < 50, PP = 0.95). These southern African species are matforming, rhizomatous perennials with cartilaginous to subcartilaginous leaf blade margins, subdichotomously branched panicles (narrow in S. albicans), and small spikelets (1−2.5 mm long) with three-veined lemmas (Gibbs Russell et al., 1991; Cope, 1999) . Sporobolus brosus, S. salsus Mez, and S. subtilis are also morphologically similar to the three species in our study (Cope, 1999) . Three-veined lemmas may be derived in de pen dently in Psilolemma jaegeri, the S. acinifolius−S. albicans−S. tenellus lineage, and in S. palmeri (which is nested deep in Sporobolus), or this may be a plesiomorphic character retained in these lineages.
The Australian genus, Thellungia, was initially described by Stapf to include a single species, T. advena. Phillips (1982) transferred this species into Eragrostis (E. advena), and more recently, based on plastid rps16 and nuclear waxy sequences, Ingram and Doyle (2004, 2007) have shown it to be embedded within Sporobolus. Thellungia has unique features such as multi owered (one to ve), cleistogamous spikelets with long-curved rachillas (each oret readily disarticulates with a per sis tent rachilla joint), oneveined (rarely three-veined) lemmas, and caryopses with free pericarps (Lazarides, 1997; Palmer et al., 2005) . All of these characteristics, with the exception of multi owered spikelets, are common in species of Sporobolus. Thellungia is part of the Sporobolus lineage in our tree and is part of a strongly supported clade comprising clades B, C, and D plus a Sporobolus consimilis-S. oxylepsis-S. robustus clade.
Sporobolus buckleyi from the southwestern U.S.A. and Mexico and S. palmeri, a Mexican endemic known from Durango and San Luis Potosi, form a weakly supported clade on the ITS tree. Morphologically, S. buckleyi and S. palmeri share the densely caespitose, perennial habit and open, diffuse panicles with primary branches naked below on lower quarter to half (Espejo Serna et al., 2000; Peterson et al., 2004) . Sporobolus palmeri differs from S. buckleyi in having shorter culms (13−50 versus 40−100 cm), longer spikelets (3.2−4.4 versus 1.2−2 mm), longer anthers (1.6−2.4 versus 0.2−0.4 mm), and longer caryopses (1.6−2.1 versus 0.6−1 mm).
Our study has provided new insights into the taxonomy of S. palmeri. There is much confusion between S. palmeri and S. airoides (Torr.) Torr., a morphologically similar but more widely distributed species occurring throughout the U.S.A. and Mexico and introduced in Arabia (Peterson et al., 2003 (Peterson et al., , 2004 Clayton et al., 2006) . Sporobolus palmeri was collected by the rst two authors on a 2012 trip to northeastern Mexico, where it was found growing with S. airoides. In a subsequent survey of material in the US National Herbarium, we found that only the type collection of S. palmeri made in late 1890s and one other specimen made in the early 1900s were correctly determined, while the 10 other specimens included in the S. palmeri folder were misidenti ed. , and longer modi ed caryopses (1.6−2.1 versus 1−1.4 mm) (Peterson et al., 2003 (Peterson et al., , 2004 . In addition to being confused taxonomically, S. airoides and S. palmeri have been considered to be closely related. Both species were recovered in the same strongly supported clade de ned in a previous ITS analy sis (Ortiz-Diaz & Culham, 2000) , in contrast to the current study in which S. palmeri is excluded from the S. airoides clade (Fig. 1, clade J) . The specimen in the earlier analy sis may have been misidenti ed. Unfortunately voucher specimens are not listed in that study, and the sequences are not available in GenBank, thus it is not pos si ble to check the original determination or to compare the earlier ITS sequence with our new ITS sequences for S. airoides and S. palmeri. Our analyses con rm that S. palmeri and S. airoides are not conspeci c or even sister taxa, as they fall in dif fer ent parts of our tree. Most likely these two species have originated from a single ITS haplotype and this is an example of rapid radiation, since a Bayesian strict consensus tree (not shown) would collapse at the base of the North American clade where clades J and K and S. palmeri and S. buckleyi reside. An illustration of S. palmeri is provided to familiarize the reader and other agrostologists with the general morphology of Sporobolus (Fig. 2) .
Clade A.-We nd strong support for a lineage corresponding with the S. indicus complex, as recognized by previous authors (Pilger, 1956; Baaijens & Veldkamp, 1991) . The Sporobolus indicus complex, treated here as S. sect. Sporobolus, consists of at least 23 species, as con rmed in our phylogram (see Table 1 ). Sporobolus farinosus is sister to the remaining species in this lineage. In the next deepest split, S. festivus−S. pectinellus, S. in rmus, and S. stap anus form a grade, with S. stap anus sister to the remaining species. Several smaller clades of two to several species are pres ent in this strongly supported clade. Clayton (1965) recognized S. pellucidis Hochst. as occurring in the S. indicus complex. but it clearly has af nities to S. sect Fimbriatae Veldkamp (clade B). Morphological characteristics that support recognition of this clade include: long-lived annuals to perennials without stolons or cataphylls; conspicuously keeled and never pectinate leaf blades; densely to moderately contracted, occasionally rather open and diffuse, panicles; solitary branches along the lower culm nodes; very short lower glumes and longer upper glumes, the latter usually shorter than the lemma; ellipsoid to oblong (angular in cross-section) caryopses; and phosphoenolpyruvate carboxykinase (PCK) leaf metabolism (Hattersley, 1987; Baaijens & Veldkamp, 1991) . This lineage is widely distributed in North Amer i ca, South Amer i ca, Africa-Arabia, Australia-Paci c, and Southeast Asia (Fig. 1) (Lazarides, 1994) . Characters that support this clade include: geniculate annuals or perennials with wiry culms, panicles short, < 12 cm long that are spike-like to subspiciform (ovate with stif y spreading branches in S. ruspolianus), one-owered spikelets with glumes that are usually shorter than the lemma, and one-to three-veined lemmas. Kunth, and S. virginicus. Pilger (1956) recognized these same species in his group two, along with S. compositus (Poir.) Merr., S. spicatus, and S. rigens, which we nd aligned in other lineages or incertae sedis based on their positions in our tree. OrtizDiaz and Culham (2000) identi ed S. virginicus as a distinct lineage, but they did not sample other members of the lineage. In our study S. pungens and S. virginicus exclusively form a clade.
Clade F.-This strongly supported clade (BS = 100, PP = 1.00), which has not previously been recovered in molecular studies, consists of two accessions of S. kentrophyllus (K. Schum. ex Engl.) Clayton that are sister to S. subulatus Hack.−S. verdcourtii Napper. Clayton (1974) placed S. verdcourtii as a synonym of S. kentrophyllus, but we retain this as a separate species since our sample forms a strongly supported clade (BS = 100, PP = 1.00) with S. subulatus and not with other accessions of S. kentrophyllus. These three African species are characterized in having the perennial habit with caespitose often tussocky culms, these often connected by stolons, culms 15−80 cm tall, whorled primary panicle branches that are bare on lower quarter to half; lower glumes one third to three quarters as long as the spikelet; upper glumes two thirds to as long as the spikelet; and ellipsoid caryopses 0.8−2 mm long.
Clade G.-This strongly supported clade (BS = 100, PP = 1.00), which has not previously been recovered in molecular studies, consists of four African species. Three accessions of the primarily mat-forming, tufted perennial with pungent leaf blades, S. spicatus, form a weakly supported clade (BS = 64, PP = 0.61) that is sister to a strongly supported S. microprotus Stapf−S. scabri orus Stapf ex Massey−S. uniglumis Stent & J.M. Rattray clade (BS = 100, PP = 1.00) consisting of three small, caespitose annuals. Clayton (1974) placed S. scabri orus as a synonym of S. microprotus, but our ITS sequences are not identical and there seem to be some morphological characters that separate these species. Sporobolus scabri orus has scabrous to minutely pubescent lemmas and the caryopses are obovate whereas most individuals of S. microprotus have glabrous or smooth lemmas and spherical to subglobose caryopses (PMP, pers. observ.). Morphological characteristics that support recognition of clade G include caespitose annuals or perennials; leaf blades with pectinate-ciliate margins near the base; panicles with whorled primary branches, especially on the lower nodes, the primary branches bare below; lower glumes that are tiny, ovate to oblong scales less than one third as long as the spikelet, the scales often suppressed or lacking; upper glumes two thirds to as long as the spikelet; and caryopses 0.7−1.1 mm long that are elliptic, obovate to spherical or subglobose, and usually laterally attened.
Clade H.-Three endemic species from Australia-S. australasicus Domin, S. caroli Mez, and S. scabridus S.T. Blake-form a moderately supported clade (BS = 72, PP = 0.98) and are sister to the southern African S. nitens Stent. Together, these four species form a strongly supported (BS = 99, PP = 1.00) clade that has not been previously recovered in molecular studies. There are another four endemic Australian species, S. contiguus S.T. Blake, S. lenticularis S.T. Blake, S. partimpatens R. Mills ex B.K. Simon, and S. pulchellus R. Br., that prob ably belong in this group but were not included in our analy sis (Simon & Jacobs, 1999; Simon, 2005) . The following shared morphological features support recognition of Clade H: caespitose annuals, occasionally biennial or perennial, then with short rhizomes and stolons; leaf blade margins smooth or pectinate-ciliate; panicles with whorled primary branches, especially on the lower nodes, primary branches bare on lower quarter to half; lower glumes one to two thirds as long as the spikelet; upper glumes as long as the spikelet; and caryopses 0.6−1.5 mm long, elliptic to oblong, often subterete, sometimes quadrangular or trigonous.
Clade I.-We refer to this lineage as the S. pyramidatus (Lam.) Hitchc. complex only because this species is the most wide-ranging member in the Western Hemi sphere. All species in this complex share the following morphological characteristics: caespitose annuals or rhizomatous perennials; leaf blade margins smooth or pectinate-ciliate, often cartilaginous, sometimes bearing stiff hairs; panicles with whorled primary branches, especially on the lower nodes, primary branches bare below; lower glumes one fth to nearly as long as the spikelet; upper glumes about as long as the spikelet, rarely longer; caryopses ellipsoid to obovoid, 0.6−1 mm long. Species in this clade are widely distributed from Africa, North and South Amer i ca, and Australia, although the deepest split, a strongly supported clade (BS = 89, PP = 1.00) containing S. centrifugus (Trin.) Nees, S. cordofanus (Hochst. ex Steud.) Coss., and S. marginatus Hochst. ex A. Rich., contains only indigenous African species prob ably indicating African origins for the S. pyramidatus complex. There is strikingly little morphological and ge ne tic variation among the wide ranging S. pyramidatus and S. coromandelianus (Retz.) Kunth, and the narrowly distributed S. coahuilensis Valdés-Reyna and S. contractus Hitchc. Species delimitation among these four morphologically similar entities needs clari cation, requiring a worldwide approach. Likewise, the two accessions of S. cordofanus and of S. marginatus are found in dif fer ent, moderate to strongly supported subclades. This could be the result of multiple gene copies of ITS, multiple origins of these taxa, or there could have been a mishandling or misidentication of our samples in the laboratory. Baaijens and Veldkamp (1991) had tentatively included S. coromandelianus in their S. sect Triachyrum (S. junceous complex) but noted that it differed by numerous anatomical characters from other members. Whorled primary panicle branches apparently have arisen in de pen dently at least two times within Sporobolus since this character state is also found in the S. junceus complex (clade D) and the F−G−H−I clade, the latter with poor support (BS < 50, PP = 0.51). (2000) and is found with strong support in our ITS tree. We refer to this as the Sporobolus airoides complex, which consists of four caespitose perennials (S. airoides, S. spiciformis Swallen, S. splendens Swallen, S. wrightii Munro ex Scribn.) with spiciform (S. spiciformis Swallen) to pyramidal panicles and ascending or spreading primary branches, short spikelets 1.3−2.8 mm long, and lower glumes about half as long as the lemmas. All four species occur in alkaline soils and quite often are conspic u ous members of the plant community on xeric ats and playas. Polyploid races as high as 14x (2n = 128, x = 9) have been found in Sporobolus airoides (Stebbins, 1985; Peterson et al., 2003) .
Clade J.-This clade was rst recovered by OrtizDiaz and Culham

Clade K.-The Sporobolus cryptandrus (Torr.) A.
Gray complex, a group of ve species (S. cryptandrus, S. exuosus (Thurb. ex Vasey) Rydb., S. giganteus Nash, S. nealleyi Vasey, S. texanus Vasey) is moderately supported as a clade (BS = 87, PP = 1.00). OrtizDiaz and Culham (2000) recovered this clade in their ITS analy sis, which included four of the ve species sampled here plus S. contractus. In our analy sis, S. contractus is part of clade I. The ve species in the S. cryptandrus complex are all located in the southwestern U.S.A./Mexico, and share the following morphological features: lower branches of the panicles are usually included in the uppermost culm sheath, lower glumes that are one third to one half as long as the lemma, upper glumes about as long or longer than the lemma, and ellipsoid to obovoid caryopses. Species in this complex tend to occur in saltdesert scrub and pinyon-juniper woodlands in slightly saline environments (Peterson et al., 2003) . Clade L.-Pilger (1956 ) delineated this as group ve in his subgeneric treatment of Riggins (1969, 1977) Thieret (1966, 2003) recognized two sections: sect. Calamovilfa, including C. arcuata, C. curtissii (Vasey) Scribn., and C. brevipilis, distinguished primarily by short rhizomes and ligules to 0.7 mm long and sect. Interior Thieret, including C. gigantea and C. longifolia, distinguished by elongate rhizomes and longer ligules (0.7-2.5 mm). Our analy sis does not support this sectional classi cation. In our tree, C. brevilipis, C. arcuata, and C. longifolia are successive sister groups (all strongly supported) of C. gigantea (C. curtisii was not sampled).
Clade N.-This clade consists of four species (S. heterolepis (A. Gray) A. Gray, S. pinetorum Weakley & P.M. Peterson, S. silveanus Swallen, and S. teretifoliius R.M. Harper); three of these were previously studied and attributed to the Sporobolus oridanus complex, a group found in pine savannas and seeps of the coastal plain in southeastern U.S.A. (Weakley & Peterson, 1998) . Clades M and N are depicted as strongly supported sister clades in our tree (BS = 97, PP = 1.00), consistent with earlier results (Hilu & Alice, 2001; Peterson et al., 2010a) . It is not surprising that members of the S. oridanus complex are closely related to species of Calamovilfa since herbarium specimens of these two groups are often mistaken for one another (Weakley & Peterson, 1998) . Sporobolus heterolepis (A. Gray) A. Gray, a species distributed in north-central U.S.A., has been considered to be a close relative of the complex (Pilger, 1956; Weakley & Peterson, 1998) . Weakley and Peterson (1998) hypothesized a close relationship between S. heterolepis and S. silveanus, which is supported by our data. Sporobolus interruptus Vasey, an Arizonian endemic, has also been considered to be close to this lineage, and possibly a sister to S. heterolepis (Weakley & Peterson, 1998) . Members of the S. oridanus complex share the following morphological features: the perennial caespitose habit, tall culms [(0.2−)0.25−2(−2.5) m], shiny and indurated basal sheaths or dull andbrous sheaths, open to somewhat contracted panicles that are generally longer than wide with 1−2(−3) primary branches at the lower nodes, long purplish or plumbeous spikelets [3−7(−7.2)] mm long that are purplish or plumbeous, spikelets with a glabrous callus and paleas, and caryopses that fall free from the lemma and palea at maturity.
Clade O.-This is the strongly supported Spartina lineage. Hubbard (1947) and Clayton and Renvoize (1986: 245) suggested that Spartina, "lacks close relatives," and based on panicles with spikes (multiple branches) that bear two rows on two sides of a somewhat attened, triangular rachis (that super cially appears to be one-sided or pectinate) arrangement of the spikelets, included the genus in the Cynodonteae (Mobberley, 1956 ). Molecular studies have since rmly placed Spartina within the Sporobolinae, nested within Sporobolus (Hilu & Alice, 2001; Co-lumbus et al., 2007; Peterson et al., 2010a) , as reected in recent classi cations (Peterson et al., 2004 (Peterson et al., , 2007 . These earlier analyses, which all had sparse sampling of Spartina, Sporobolus and relatives, variously placed Spartina in a strongly supported clade with Calamovilfa plus S. heterolepis (Hilu & Alice, 2001 ; matK), Calamovilfa (Columbus et al., 2007; combined ITS and trnL-F) , and Calamovilfa longifolia plus S. teretifolius-S. pinetorum (Peterson et al., 2010a; combined ITS and plastid data) . Our better-sampled tree is consistent with these earlier results. In our ITS tree, Spartina is part of a wellsupported clade (BS = 98, PP = 1.00) that includes a clade of Calamovilfa (clade M) (plus a clade comprising S. compositus and one individual of S. clandestinus) and the Sporobolus oridanus complex (clade N) and the core Sporobolus asper complex (clade L). Our data suggests that Spartina and several of the other major North American lineages are derived from a common ancestor.
Within Spartina, our tree identi es three major lineages, one comprising mostly tetraploid (2n = 40) species Spartina gracilis Trin., S. cynosuroides (L.) Roth, S. ×caespitosa A.A. Eaton, S. pectinata Link, S. bakeri Merr., S. patens (Aiton) Muhl., S. ciliata Brongn., S. densi ora Brongn., and S. montevidensis Arechav.; one comprising the hexaploid (2n = 60, 62) species S. alterni ora Loisel., S. foliosa Trin., and S. maritima (Curtis) Fernald; and S. spartinae (Trin.) Merr. ex Hitchc. This topology is congruent with, and better resolved than, the trees recovered in earlier phyloge ne tic analyses based on ITS and the plastid trnT-trnL region (Baumel et al., 2002; Fortune et al., 2008) , with the caveat that we did not sample S. arundinacea (Thouars) Carmich. Trees based on nuclear data differed from the pres ent study only in the inferred interrelationships among S. cynosuroides, S. pectinata, and S. gracilis. These species formed a polytomy with the other lineages in the tetraploid clade, but are fully resolved here. This may re ect alignment differences and/or the dif fer ent phyloge netic analyses conducted (parsimony in the earlier studies and ML and Bayesian here). Baumel et al. (2002) sampled the nuclear waxy locus, which is incongruent with ITS. In the waxy trees the tetraploid species S. argentinensis (= S. spartinae) was sister to the hexaploid clade, and the heptaploid S. densi ora (2n = 70; Ayres et al., 2008; Fortune et al., 2008) was the sister group of the hexaploid plus S. argentinensis clade. Subsequent phyloge ne tic studies of Spartina, based on extensive cloning of the low copy nuclear gene waxy, focused on the hexaploid species (Fortune et al., 2007) and S. densi ora (Fortune et al., 2008) . In the former study, two major lineages were identi ed, neither of which was congruent with the clades identi ed in our ITS analy sis. Multiple copies of waxy representing divergent lineages were found in S. alterni ora and S. foliosa, and the hexaploid lineage was not found to be monophyletic; these data support an allopolyploid origin for the hexaploid clade. Multiple divergent copies were also found in other Spartina species, and the phyloge ne tic tree based on these sequences was similarly discordant with the tree inferred from ITS data (Fortune et al., 2007) . This study also sampled waxy in other Chloridoideae taxa, and found the sequences of Thellungia advena, Sporobolus indica, Calamovilfa gigantea, and C. longifolia to be part of the Spartina lineage. Fortune et al. (2007) hypothesized that the two major waxy clades represent paralogous copies of the gene that were inherited by Spartina (i.e., the paralogous copies were pres ent prior to the origin of the genus) and also by other members of the Chloridoideae. The placement of Sporobolus indicus (in Clade A)-a taxon that shares a waxy paralogue with some Spartina species-near the base of the Sporobolinae subtree in our analyses suggests that the gene duplication may have occurred early during, or prior to, the evolution of the Sporobolinae lineage. In the seminal revisionary treatment of Spartina, Mobberley (1956) recognized three complexes that, with the exception of Spartina ciliata, correspond with the three subclades in our phylogram. Mobberley (1956) described complex 1 (Spartina arundinacea and S. spartinae) as having hard and slender culms, without rhizomes or with short (less than 1.5 cm) and thick rhizomes, panicles spike-like with closely imbricate spikes (multiple branches), spikelets lanceolate and closely imbricate, and upper glumes with hispid keels; complex 2 (S. alterni ora, S. anglica S. foliosa, S. longispica Hauman & Parodi ex St.-Yves [now considered to be a hybrid of S. alterni ora and S. densi ora (Bortolus, 2006)], S. maritima, and S. ×townsendii) as having thick, eshy, and succulent culms that become brownish in age with a distinctly disagreeable odor when fresh, smooth and glabrous leaf blades, and panicles with remote or moderately imbricate spikes, and upper glumes with glabrous, pilose, or rarely hispid keels; and complex 3 (S. bakeri, S. ×caespitosa, S. ciliata, S. cynosuroides, S. densi ora, S. gracilis, S. patens, S. pectinata, and S. versicolor Fabre) as having hard culms often tinged or streaked with purple, scabrous leaf blades, panicle spikes more or less spreading and often tinged or streaked with purple, closely imbricate spikelets, and upper glumes with hispid keels. Although S. densi ora has a complicated reticulate origin, we include it in complex three on the basis of its morphology.
C C
Since Peterson et al. (2010a) , the classi cation within the Chloridoideae has under gone considerable rearrangement (Kellogg, 2015; Peterson et al., 2011 Peterson et al., , 2012 Peterson et al., , 2014a Peterson et al., , 2015 Peterson et al., , 2016 Soreng et al., 2015) . We present an updated version of our classi cation ( Table 2) to point out areas lacking critical data. Eight genera are listed as incertae sedis within the subfamily, and there are seven incertae sedis genera listed in the Cynodonteae. Most genera listed as incertae sedis have not yet been included in a molecular analy sis simply because material is unavailable or, in a few cases, known only from a single collection. It is no longer pos si ble to objectively evaluate relationships among taxa without baseline information from DNA sequence markers because there is no way to accurately polarize complex morphological traits (i.e., determine what is pleisiomorphic or apomorphic) in the evolution of a lineage or ascertain the criteria of homology (i.e., the difference between an analogous or homologous character). An online version of this classi cation (continually updated) is available at http:// tropicos . org/projectwebportal.aspx?pagename =Classi cationNWG&projectid=10 (Soreng et al., 2016 
